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(57)Abstract 

PURPOSE: To simultaneously align a plurality of lift— off films 
accurately, and to eliminate contamination on adhesive interface by 
a method wherein a hole- provided elastic sheet is adhered to a thin 
film before it is lifted off, then the thin film is lifted off, and the thin 
film and the second substrate are adhered. 

CONSTITUTION: A thin film 2, to be lifted off, is formed on a GaAs 
substrate 1. Then, a protective film 5 is added to the element which 
is not lifted off. Wax 6 is added to the surface of the thin film 2 
which is desired to be lifted off. After the wax has been solidified, a 
reticulate earner sheet 7 is adhered. In the stage where the carrier 
sheet 7 and the GaAs substrate 1 have been adhered, the film is 
lifted off by fluoric acid. In the stage where an etching operation is 
finished, the GaAs substrate 1 and the carrier sheet 7 are 
mechanically separated. Then, the material is cleaned, and after 
fluoric acid has been washed away, the thin film 2 is aligned in such 
a manner that the thin film 2 is placed on the prescribed position of 
the silicon substrate 8. 
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<7)Abstract: 

URPOSE: To simultaneously align a plurality of lift-off films accurately, 
id to eliminate contamination on adhesive interface by a method wherein 
hole- provided elastic sheet is adhered to a thin film before it is lifted 
f, then the thin film is lifted off, and the thin film and the second 
jbstrate are adhered. 

ONSTITUTION: A thin film 2, to be lifted off, is formed on a GaAs 
jbstrate 1 . Then, a protective film 5 is added to the element which is not 
ted off. Wax 6 is added to the surface of the thin film 2 which is desired 
i be lifted off. After the wax has been solidified, a reticulate carrier sheet 
is adhered. In the stage where the carrier sheet 7 and the GaAs 
jbstrate 1 have been adhered, the film is lifted off by fluoric acid. In the 
:age where an etching operation is finished, the GaAs substrate 1 and 
le carrier sheet 7 are mechanically separated. Then, the material is 
eaned, and after fluoric acid has been washed away, the thin film 2 is 
igned in such a manner that the thin film 2 is placed on the prescribed 
Dsition of the silicon substrate 8. 
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NOTICES * 

pan Patent Office is not responsible for any 
mages caused by the use of this translation. 

This document has been translated by computer.So the translation may not reflect the original precisely. 
**** shows the word which can not be translated, 
n the drawings, any words are not translated. 



.AIMS 



laim(s)] 

laim 1] The lower layer of the first semiconductor substrate which has a multilayer semiconductor film containing 
i upper layer which comes to realize a device, and the lower layer which is a lift-off layer is removed by etching. In 
5 construction of the monolithic integrated circuit which exfoliates considering the upper layer as a thin film, and 
cks the thin film on the second semiconductor substrate The aforementioned thin film is pasted to use the carrier 
eet of the elasticity which has a hole as a carrier sheet of the aforementioned thin film before the lift off of the 
Drementioned thin film. Construction of the monolithic integrated circuit characterized by arranging on the substrate , 
the above second where it carried out the lift off to after an appropriate time and the aforementioned thin film is 
ick on the aforementioned carrier sheet, and sticking the aforementioned thin film and the second substrate of the 
ove. 

laim 2] Construction of the monolithic integrated circuit according to claim 1 characterized by adding a stress grant 
m on the aforementioned thin film, and sticking the aforementioned carrier sheet on it. 

laim 3] Construction of the monolithic integrated circuit according to claim 1 characterized by placing the direct 
Drementioned carrier sheet and adding a stress grant film later to serve also as adhesion of the aforementioned thin 
m and a carrier sheet on the aforementioned thin film. 

laim 4] Construction of the monolithic integrated circuit according to claim 1, 2, or 3 which arranges an alignment 
ark on the aforementioned carrier sheet top, the aforementioned stress grant film front face, or the aforementioned 
in film, and is characterized by the bird clapper. 



ranslation done.] 



Page 1 of 5 



\TOTICES * 

pan Patent Office is not responsible for any 
mages caused by the use of this translation. 

rhis document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
xi the drawings, any words are not translated. 



2TAILED DESCRIPTION 



retailed Description of the Invention] 
001] 

ldustrial Application] this invention relates to the construction of the monolithic integrated circuit which can 
monstrate the features which are not acquired, such as functionality and economical efficiency, in each circuit by 
eluding in a monolithic two or more electronic integrated circuits or optical integrateds circuit from which a function, 
)roperty, etc. differ based on epitaxial lift-off technology. 
002] 

description of the Prior Art] The high performance which is not until now, high efficiency, or a low cost circuit may 
realizable by combining with a monolithic the silicon element which is excellent in heterogeneous semiconductor 
vice, for example, a low price and large-scale-integrated-circuit implementability, a large area, lightweight, high 
:ensity, light-and-heat conductivity, etc., and compound semiconductor element which is excellent in a ultra high- 
eed circuit, a light-corpuscle child's implementability, etc., such as GaAs and InP, and integrating. Examination of 
3 device on the epitaxial growth technology of growing up a compound semiconductor like gallium arsenide on a 
icon substrate with an eye on realization of such an element conventionally, and its silicon substrate (on-silicon 
vice) is advanced energetically. Consequently, although the property of level without the thing and inferiority on a 
ilk substrate has come to be acquired in a simple substance device or a small-scale circuit, it does not come to solve 
mpletely essential troubles, such as existence of transition by existence of the opposite phase grain to which it comes 
>m the material itself, and grid mismatching, and the big circuit of a degree of integration and highly efficient 
sment realization are difficult. Moreover, there are not few troubles which should be solved, such as reliability etc., 
s element yield and over a long period of time. 

003] Thus, hybridization by the film bonding technology on the basis of the epitaxial lift-off method is proposed 
cently, and attention is attracted as promising technology. It is just going to make this technology an aim that it is 
dng to realize a monolithic device by building a near device and making it rival about an individual ideal on the 
rfect crystal obtained in the present condition. 

004] With this technology, the etching rate to the fluoric acid of AlAs inserts a thin (from lOnm to about 50nm) 
[As layer in a lower layer in the stage of growing up a crystal using about the 7th power of 10, and a very large thing 
mpared with other materials, such as GaAs, and the layer for realizing a device on it is grown up. The lift off of the 
yer above AlAs is carried out by the wet etching by fluoric acid after a device production process (or a stage or a 
)nt stage is sufficient in the middle of a process). In order to avoid that the thin film by which a lift off was carried 
it for the foam which comes out at the time of a lift off is damaged, after the technology apply an Apiezon wax to the 
3nt face of the portion which should choose etching conditions from which a reaction does not occur violently, and 
ould serve as an ablation film in front of a lift off, use the stress by it, and make it the foam which came out escape 
as developed, it could use completely. Although the thickness of the thin film by which a lift off is carried out 
tanges with the structure of a device, existence of a buffer layer, etc., it is usually about several micrometers from 
veral lOOnm, and the size is possible to the size of about l-2cm, 

005] Although attachment of the thin film to a substrate top also has a method using adhesives, it is the method for 
hich the adhesion by Van der Waals force was most suitable from points, such as contamination, flatness reservation, 
c. of a substrate. 

006] The demand which carries out lamination of the chip in which the device was carried conventionally by etching 
:ists in a PA WADE vice etc., and the method of deleting a substrate by polish mechanical for this reason is taken, 
owever, with this technology, a limitation is in lamination and it has stopped at 100-micrometer order grade. 
Ithough the whole substrate is melted by etching and there is also last method, a process cannot say it as a 
>mplicated and practical method. There is almost no injury in a device by on the other hand, carrying out a lift off, in 
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ite of being a method on the basis of the easy technology of a lift off, there is also no problem of a defect like the thin 
n manufactured by epitaxial growth, and there is the feature that integrated-circuit-izing from from [ after sticking ] 
possible, from thickness being very smaller still. 
)07] 

:oblem(s) to be Solved by the Invention] However, there is a big trouble that this technology with such a feature also 
s bad adjustment with an integration process. Even though it is difficult for precision to improve alignment to a 
sition in the stage of sticking on a substrate the thin film which carried out the lift off, and it is difficult to treat the 
ment of precise structure, and also it is also impossible to treat many thin films as a matter of fact and it treats a 
lall number of thin film, there are troubles, like productivity is very bad. 

)08] Although the method of putting in order and sticking on a transparent sheet and pasting up on a substrate after 
it (bonding) is also proposed after removing a wax from the thin film which carried out the lift off as a method of 
[ving these troubles, there is a problem take a dimensional accuracy in the precise alignment to a sheet top being 
ftcult, and carrying out alignment of two or more thin films simultaneously in this case, and also there is a serious 
Dblem that where of adhesion reliability falls by contamination of an adhesion side. 

309] adjustment with an integrated-circuit production process with possible [ this invention ] making it paste up in 
5 state where the alignment of two or more lift-off films can be carried out correctly simultaneously, and there is no 
ntamination of an adhesion interface in the monolithic integration technology on the basis of the bonding technology, 
using the epitaxial lift-off method makes it a technical problem to offer the construction which is a good monolithic 
egrated circuit 
)10] 

[eans for Solving the Problem] In order to attain the above-mentioned purpose this invention according to claim 1 
e lower layer of the first semiconductor substrate which has a multilayer semiconductor film containing the upper 
'er which comes to realize a device, and the lower layer which is a lift-off layer is removed by etching. In the 
nstruction of the monolithic integrated circuit which exfoliates considering the upper layer as a thin film, and sticks 
; thin film on the second semiconductor substrate The aforementioned thin film is pasted to use the carrier sheet of 
5 elasticity which has a hole as a carrier sheet of the aforementioned thin film before the lift off of the 
wementioned thin film. Where it carried out the lift off to after an appropriate time and the aforementioned thin film 
stuck on the aforementioned carrier sheet, it arranges on the substrate of the above second, and it is characterized by 
eking the aforementioned thin film and the second substrate of the above. 

311] Invention according to claim 2 is characterized by adding a stress grant film on the aforementioned thin film, 
d sticking the aforementioned carrier sheet on it. 

312] Invention according to claim 3 is characterized by placing the direct aforementioned carrier sheet and adding a 
ess grant film later to serve also as adhesion of the aforementioned thin film and a carrier sheet on the 
jrementioned thin film. 

313] Invention according to claim 4 arranges an alignment mark on the aforementioned carrier sheet top, the 
>rementioned stress grant film front face, or the aforementioned thin film, and is characterized by the bird clapper. 
314] 

unction] In the construction of the monolithic integrated circuit of this invention, the adhesion process is arranged so 
it it may become the foundation of the layout on silicon at the time of production of two or more elements which 
ould be carried out a lift off, it sticks on the carrier sheet of the shape of a stitch which clamped the circumference so 
it the positional information may be maintained, and a lift off is carried out in the state, and it sticks on a silicon 
bstrate as it is, and carries out by removing a wax after that. 

315] In the construction of the monolithic integrated circuit of this invention, without reaction mixture and a foam 
ing barred by the carrier at the time of a lift off, the stitch-like sheet is used as a carrier sheet so that it can go back 
d forth between a reacting point and the exterior freely. Moreover, it exfoliates simultaneously from the growth 
bstrate which maintained place information so that it may not be in the state where perform a lift off for the first time 
:er pasting up the wax and the stitch-like carrier sheet of the front face on which the device which should exfoliate in 
3 shape of a film is put, namely, each thin film exfoliates independently respectively. Since a substrate is made to 
ste further as it is, and a pressure is applied and it pastes up, without [ therefore ] passing through an excessive 
Dcess after ablation, alignment of the lift-off side is carried out to the place which should be pasted up with a pure 
ite, it is pressurized, and is pasted up. 

316] that is, according to this invention, in the monolithic integration technology on the basis of the bonding 
dinology using the epitaxial lift-off method, it becomes possible to make it paste up in the state where alignment of 
o or more lift-off films can be carried out correctly simultaneously, and there is no contamination of an adhesion 
:erface, and technique with a sufficient integration process and sufficient adjustment is realized — it becomes things 
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H7] 

cample] Hereafter, with reference to a drawing, the example of this invention is explained in detail. 
>1 8] In d raw ing 1 , process drawing of one example of this invention about an example which integrates a GaAs 
:uit and Si circuit to a monolithic, and drawing 2 show the typical cross section of the device corresponding to each 
■cess of drawing 1 . One is a compound semiconductor substrate and the thin film which should carry out the lift off 

2 among drawing, the layer from which 3 constitutes a device, the layer (lift-off layer) which **********s4atthe 
te of a lift off, and 5 are the protective coat layers of the portion by which a lift off is not carried out, and, as for the 
2ss grant film with which 6 consists of a wax, and 7, a stitch-like carrier sheet and 8 are silicon substrates. 

)19] Drawing 3 - dr aw ing 9 are assembly explanatory drawings for explaining the whole situation when carrying out 
: assembly procedure of one example of this invention of drawing 1 . In the frame with which drawin g 3 is the 
■unting view of the stitch-like carrier sheet C, (A) is the typical cross section, (B) is some expansion plans of typical 
n and (C) carrier sheet, and 9 supports a carrier sheet, and 10, an alignment mark and 13 show the element of a 
Tier sheet, and 14 shows the hole of a carrier sheet. Drawing 5 shows the state where the thin film 2 which carried 
t the lift off was stuck on the carrier sheet 7, drawing 4 is the typical plan having shown the pattern image of the 
npound semiconductor substrate 1 containing the thin film 2 which should be carried out a lift off, and (B) is [ (A) is 
: typical cross section and ] the typical plan. Draw ing 6 shows the whole silicon-substrate 8 image, (A) is the typical 
>ss section, (B) is the typical plan, and the position where a silicon LSI circuit portion pastes up 1 1 and a thin film 
stes up 12 is shown. Moreover, the typical cross section with which alignment and (B) expressed the situation of 
lesion in drawi ng 7 (A), and drawing 8 are the typical plans of the wafer after completion of the monolithic 
egrated circuit after an adhesion end. Drawing 9 is the typical cross section showing the state of the substrate in front 
a lift off. 

)20] The stitch-like carrier sheet 7 has the structure which made many small holes 14 in the film of a macromolecule 
e a polyimide. Therefore, it is absorbable even if distortion joins the object which there is elasticity in the carrier 
3et 7 and was stuck on it. Although especially the thickness of the film as the size or carrier sheet of a hole 14 is not 
reified, since a size has the need of supporting the exfoliating thin film 2, it is necessary to be less than [ 1 /several ] 
the size of a thin film 2 and, and as long as thickness is the size which can be mechanically treated in the state of a 
m, it may be thin how much. In the case of the film of a macromolecule, even an object with a size of about several 
crometers will become possible. 

321] Although the Apiezon black wax shall be used in this example, as long as the stress grant film 6 is for missing a 
bble and performing a lift off completely by giving curvature at the time of a lift off, and incurvating it to a thin film 
it it and is a material which achieves the same function, what object is sufficient as it. 

322] If a process procedure is explained based on drawing 1 and drawing 2 , it will become as follows. The thin film 
vhich should be carried out a lift off on the GaAs substrate 1 is first produced as the first process (a). A fundamental 
Dcess is the same as the GaAs device production process for lift offs advanced from the former, and is good. That is, 
s AlAs layer 4 for lift offs (lift male layer) is thinly attached on a substrate 1, the element layer 3 for realizing a 
vice on it is grown up, and an element is realized there. Although the element layer 3 consists of three layers 
eluding the thin film 2 which should be carried out a lift off in illustration, it is not limited to especially this. 
023] Under the present circumstances, in this example, another element in addition to the element which carries out a 
t off at a stretch on a substrate was also produced simultaneously, and the method of carrying out the lift off only of 

3 required element according to an imprint pattern is taken. Next, in order to avoid the injury on the surface damage 
film peeling and etching etc. about the element which does not carry out a lift off at the time of a lift-off process, the 

ocess which adds a protective coat 5 to the front face is performed (a process (b) or (d)). Under the present 
rcumstances, an important point is for a solution to protect the etching layer (lift-off layer) 4 of the element which 
»es not carry out a lift off at the time of etching. In addition, this process can be omitted when carrying out the lift off 
all the elements on the GaAs substrate 1 simultaneously with a natural thing. If even conditions, like not doing an 
jury to a lower layer as a requirement, that removing later is possible, and there is resistance in fluoric acid are 
tisfied as a protective coat 5, what object will be sufficient and poly membrane **** will not ask the quality of the 
aterials, such as an insulator layer metallurgy group. 

024] Next, a wax 6 is added on the thin film 2 to carry out a lift off. This process is performed by methods, such as 

e wax applying method for having used the metal mask, (process (e)). 

025] If a wax 6 is applied and dried, the stress of hauling will become this thing in a wax. 

026] After a wax solidifies, the stitch-like carrier sheet 7 is pasted up (process (f)). By this pasting-up method, some 
ethods are possible. The easiest method is a method of securing an adhesive property with other materials by 
eanses, such as applying detachability good adhesives to a carrier sheet front face, or adding surface treatment to it. 
this case, although it can exfoliate when a certain force more than fixed is added, it can perform easily that an 
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hesive property is maintained to the bending stress of the inside of a solution, or a few. Other methods are methods 
adhesives being dropped only at the wax section where a stitch-like carrier sheet is covered, and performing 
hesion of a carrier sheet and a thin film 2 firmly. In this case, if adhesives, such as ultraviolet-rays hardening resin, 
t used, alternative adhesion can carry out efficiently automatically. In addition, in order to make mechanical handling 
sy, as shown in drawing 3 , it is necessary to fix a carrier sheet to a firm frame. Moreover, in order to make 
gnment at the time of an imprint easy, the method of mating on a carrier sheet and adding the alignment mark of 
siness, as shown in dr awin g 3 - drawing 5 is effective. A mark may process the carrier sheet itself or may add it by 
inting, carrying out vacuum evaporationo, etc. on a carrier sheet. 

327] Fluoric acid performs the lift off of a film in the stage which pasted up the carrier sheet 7 and the GaAs 
bstrate 1 . In the lift-off layer 4 which an etching reagent permeates from between the stitches of a sheet, and consists 
AlAs of the thin film 2 directly under which should be carried out a lift off which became unreserved, a reaction 
curs and the dissolution begins from directly under [ thin film circumference ] gradually. Since elasticity is in that 
i stress of a wax is applied to a thin film, and the thin film itself, curvature arises [ surrounding AlAs ] in a thin film 
vith ******* * 9 and the circumference is raised. While an etching reagent furthermore permeates back one, the foam 
Dduced in reaction time moves outside from a periphery, and is emitted outside through a stitch. As a result, the lift- 
flayer [ be / no breakage of a thin film ] 4 directly under a thin film will **********. i n addition, the portion 
vered by the protective coat on the occasion of this etching will remain in a substrate as it is. 
328] The GaAs substrate 1 and the carrier sheet 7 are mechanically pulled apart in the stage which etching ended 
rocess (g)). Under the present circumstances, it is possible to be comparatively weak adhesive strength and to remove 
>m considering as the interface state where it can exfoliate, though the carrier sheet 7 is pasted up with the substrate 1 
nply. Moreover, since it dissociates from the substrate completely, a thin film 2 will be in the state where it adhered 
the carrier sheet. Drawing 5 showed this state typically. 

329] Next, after washing the carrier sheet with which it was equipped with the thin film 2 and flushing fluoric acid, it 
anges on a silicon substrate 8, and alignment is carried out so that a thin film 2 may come to the position of a silicon 
bstrate 8 (process (h)). Object doubling also adds the alignment mark 10 for the position of a thin film 2, and the 
hesion position 12 on a silicon substrate on a silicon substrate 8, the carrier sheet 7, a wax 6, and a thin film 2, and 
gnment is performed. 

330] If alignment ends, a thin film 2 and a silicon substrate 8 will be pressurized including a thin film 2 and a wax 6 
contact and connect (process (i)). In that case, if small-amount dropping of waterdrop or a liquid like an ammonium 
(fide is carried out at a contact interface, adhesion will become firm. Under the present circumstances, what is 
cessary is to put in block two or more thin films like illustration, and just to pressurize, when alignment precision is 
t required. 

331] The carrier sheet 7 and a wax 6 can be removed after adhesion, and a desired monolithic integrated circuit can 
obtained by giving the process of adding a wiring process and a passivation film further. Removal of a wax is an 
ganic solvent, and removal of a carrier sheet becomes possible by removing mechanically, unless it is fixing with 
m adhesives. When processing collectively, the method of removing simultaneously in the stage which removes a 
ix is easy. 

332] What is necessary is to remove the carrier sheet 7 from the wax section of the pasted-up thin film 2, and just to 
Deat the procedure of performing alignment/adhesion of still more nearly another circuit, after pasting up by carrying 
t alignment, using the thin film of every [ a piece ] or every a decimal as a unit, and putting a pressure, when highly 
seise alignment is required in an above-mentioned method. In this case, what is necessary is just to take the 
essurization procedure for carrying out lasting adhesion, after it stops to the easy pressure welding of the grade which 
sufficient for considering adhesion after each alignment process as temporary adhesion, and removing a carrier sheet 
d the whole layout finishes, since perfect adhesion has the need of spending many hours. 

033] It cannot be overemphasized that it is possible to give various deformation change without changing the basic 
sa of this invention. Although the carrier sheet makes the chip of the field covering the whole wafer symmetrical in 
is example, you may limit a transcription unit to some fields. Moreover, although the procedure of performing a 
otective coat process with another material in the process of drawing 2 is taken, it is also possible to use the wax 
elf as a protective coat. In this case, what is necessary is just to take the process which removes some waxes by 
:hing so that only AlAs [ directly under ] (lift-off layer) of the thin film [ attaches the wax to the whole surface and ] 
:o carry out a lift off as shown in drawing 9 may appear in a front face. 

034] Moreover, the method of putting a carrier sheet, before applying a wax, and applying a wax only to the portion 
a thin film to carry out a lift off is also possible. Drawing 10 is the typical cross section showing such an example, 
hat is shown with a same-among drawing sign is the same as that of the thing of the first example. In this case, the 
ix of the position corresponding to the hole 14 of the carrier sheet 7 flows down in a hole 14, and the crevice of the 
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tern corresponding to the distribution of a hole 14 is made in the wax layer 6. Thus, since a wax exists also in a hole 

, the role of the adhesives of a thin film and a carrier sheet will also be played. 

)35] 

ffect of the Invention] as explained above, in the monolithic integration technology on the basis of the bonding 
hnology of using the epitaxial lift-off method, adjustment of this invention with an integrated-circuit process with 
ssible making it paste up in the state where the alignment of two or more lift-off films can be carried out correctly 
lultaneously, and there is no contamination of an adhesion interface is good — technique is offered Realization of the 
tstanding monolithic integrated circuit which has the feature which the element of the compound semiconductor 
item at which were poor, and silicon elements, such as large accumulation low power, have with silicon technology, 
:h as a ultra high-speed element or a light-corpuscle child, can be realized with sufficient mass-production nature to 
dw cost with this technology. Moreover, this technology can realize monolithic integration of material of a different 
id, such as silicon, not only a compound semiconductor but a compound, a compound, or a piezo electric crystal / 
ignetic substance / superconductor, a compound. 
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fOTICES * 

>an Patent Office is not responsible for any 
nages caused by the us of this translation* 

Tiis document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated, 
n the drawings, any words are not translated. 
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